Introduction {#S1}
============

Use of the Internet has dramatically increased, and has become an integral part of individuals' daily life worldwide ([@B31]). Evidence suggests that appropriate or limited Internet use is beneficial, but excessive or uncontrolled Internet use has been reported to be associated with several maladaptive problems, and even can lead to Internet addiction, also termed "problematic Internet use (PIU)" and "pathological Internet use," which has been proposed to define Internet use that significantly interferes with daily life ([@B29]). Moreover, PIU has been included as diagnosable criteria in the fifth edition of *Diagnostic and Statistical Manual of Mental Disorders* ([@B1]). Adolescence refers to the period of transition from childhood to adulthood, and is characterized by increased imitation and exploration along with a range of risky behaviors ([@B21]). It seems that adolescents are at an elevated risk to develop PIU than other age range. According to the report of World Health Organization ([@B50]), adolescent PIU has become a global public health issue, and China is no exception. In China, it was estimated that the prevalence rate of PIU among adolescents ranged from 8.1% to 26.5% ([@B5]; [@B51]; [@B52]). Moreover, previous studies reported that PIU was associated with significant functional and psychosocial impairments ([@B29]), and could lead to impaired social relations (e.g., poor family relationship), social isolation, psychiatric disorders (e.g., depression, anxiety, or bipolar disorder), sleep disturbance, and even suicidal behavior ([@B27]; [@B39]; [@B40]).

Suicidal behavior (including suicidal ideation, suicide attempts, or completed suicide) in adolescents is reported to be associated with physical disorders and disability, and can result in a heavy economic, social, and psychological burden for the individuals, families, and communities ([@B33]). Although the overall rate of completed suicide in China has been significantly reduced over the past decade (from 9.78 to 5.01 per 100,000 per year in urban area and from 15.53 to 8.61 per 100,000 per year in rural area between 2004 and 2014) ([@B44]), suicidal ideation and suicide attempts are still a current problem among Chinese adolescents ([@B16]). Evidence suggests that psychiatric disorder is one the most important risk factors of suicidal behavior ([@B54]). Moreover, it is well known that sleep problems are common among individuals with psychiatric disorders, and are generally symptoms or harbingers of other psychiatric disorders ([@B23]; [@B28]). Sleep disturbance is another vital public health problem in adolescents, and can reflect reduced quality, duration, and frequency of sleep ([@B45]). Previous studies also demonstrated that sleep disturbance is a potential risk factor for suicidal behavior ([@B4]; [@B36]), and the inhibitory effects of serotonin system play a significant role in both suicidal behavior and sleep disorder ([@B26]).

In addition, sleep disturbance is one of the most frequent comorbid conditions of PIU. Previous studies report that PIU among adolescents usually occurs at night, and can disrupt adolescents' sleep--wake schedule, which may cause irregular sleep patterns or sleep disturbance. Excessive PIU among adolescents were also found to be associated with insomnia and the disturbance of sleep ([@B8]; [@B20]). Although the underlying mechanism of the association between PIU and suicidal behavior is still unclear, evidence suggests that individuals with additive disorder share similar personality characteristics and reward-related neurocircuitry or genetic traits with those who possess psychiatric disorder ([@B18]; [@B25]). It is the fact that most Chinese families have only one child as a result of the government's prior one-child policy ([@B9]); however, the relationship between PIU and suicidal behavior in Chinese adolescents has scarcely been studied.

Therefore, in the association between PIU and suicidal behavior among adolescents, sleep disturbance may play a potential mediator role. There have been no studies in China that have estimated the mediation effects of sleep disturbance on the associations of PIU with suicidal ideation and suicide attempts in general adolescents. Therefore, this study aimed to test the hypotheses that (a) PIU may be positively associated with suicidal ideation and suicide attempts; (b) sleep disturbance is also associated with suicidal ideation and suicide attempts; and (c) the association of PIU with suicidal behavior is mediated by sleep disturbance.

Methods {#S2}
=======

Participants and procedure {#S2a}
--------------------------

This study analyzed the data collected from the 2017 National School-based Chinese Adolescents Health Survey (SCAHS). SCAHS is an ongoing study about the risky health behaviors among Chinese adolescents (7th--12th grade), and conducts large-scale cross-sectional surveys every 2 years since 2007 ([@B13]; [@B15]; [@B46]). A multistage, stratified cluster, random sampling method is used in the 2017 SCAHS. Briefly, in Stage 1, Guangdong province was divided into three stratifications by gross domestic product (GDP) per capita (high-level, middle-level, and low-level) and geographic locations (Yue Dong, Yue Xi, Yue Bei, and Pearl River Delta) (Figure [1](#fig1){ref-type="fig"}). In Stage 2, two representative cities were randomly selected from each stratification; four general high schools (focusing on educating students for entering college or university) and four vocational high schools (providing specific vocational training) were randomly selected from each representative city. In Stage 3, two classes were randomly chosen from each grade within the selected schools. We invited all available students to voluntarily participate in this study, and 20,895 students' questionnaires were qualified for analysis (resulting a response rate of 86.1%). Surveys were anonymous to increase the validity of self-reports of stigmatized behaviors ([@B42]), and the questionnaires were administered by research assistants in the classrooms without the presence of teachers (to avoid any potential information bias).

![Selected cities of Guangdong Province](jba-07-04-115_f001){#fig1}

Measures {#S2b}
--------

### Dependent variable {#S2b1}

Suicide ideation was assessed by the question "How many times did you seriously consider attempting suicide during the past year?" Available responses were zero and once or more times. Suicide attempt was defined as responding "one or more times" to the question "How many times did you actually attempt suicide during the past year?" ([@B17]; [@B38]).

### Independent variable {#S2b2}

PIU was assessed using the Chinese version of the Young's Internet Addiction Test (IAT), and the IAT comprises 20 items rated in a 5-point Likert scale (from 1 = *not at all* to 5 = *always*) ([@B55]). The Chinese version has been validated in Chinese adolescents with satisfactory psychometric properties ([@B30]; [@B47]), and the Cronbach's α for IAT was .91 in this study. Total score of the IAT ranges from 20 to 100 and represents an individual's tendency to Internet addiction. The higher score suggests the greater level of PIU. In this study, we not only described the total IAT scores but also used the validated standard cut-off criteria proposed by Young \[including "average online users" (20--49 points), "moderately addicted" (50--79 points), and "severely addicted" (80--100 points)\] ([@B56]).

### Potential mediating factor {#S2b3}

Level of sleep disturbance was measured by the Chinese version of the Pittsburgh Sleep Quality Index (PSQI), which is commonly used to assess sleep quality and disturbances over the past month. The Chinese version has been validated ([@B45]), and has been extensively utilized in Chinese adolescents ([@B12]). The 19-item PSQI consists of seven components: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction. The sum of the scores for these seven components yields one global score with a range of 0--21 points in which higher scores indicate a higher level of sleep disturbance ([@B45]).

### Other variables {#S2b4}

Demographic variables included sex (1 = male and 2 = female), age, living arrangement (responses were coded as "living with both parents" = 1, "living with a single parent" = 2, and "living with others" = 3), household socioeconomic status (HSS), relationships with teachers, classmate relations, smoking, and alcohol drinking. HSS was assessed by asking how students perceived their family's financial situation (responses were coded as "excellent or very good" = 1, "good" = 2, and "fair or poor" = 3). Classmate relations and relationships with teachers were measured by asking students to rate their perception of the relationships with classmates and teachers (available responses were "good" = 1, "average" = 2, and "poor" = 3). Smoking was assessed by asking the students the following question: "On how many days did you smoke cigarettes, during the past month (responses were coded as "0 day" = no, "1 or more days" = yes)?" Alcohol drinking was measured by the question: "On how many days did you drink alcohol, during the past month (responses were coded as "0 day" = no, "1 or more days" = yes)?"

Statistical analyses {#S2c}
--------------------

All statistical analyses were conducted using SAS 9.2 (SAS Institute, Inc., Cary, NC, USA) and Mplus version 7.0 (Muthén & Muthén, Los Angeles, CA, USA). First, descriptive analyses were used to describe characteristics. Second, considering this study utilized a complex multistage sampling design, students were grouped into classes, and therefore might not be independent, and multilevel logistic regression models were fitted in which classes were treated as clusters. Multivariable multilevel logistic regression models simultaneously incorporating the variables that were significant in the univariate analyses or widely reported in the literature were performed to estimate the independent associations of PIU with suicidal ideation and suicide attempts. In these regression models, the outcome variables were the presence of suicidal ideation and suicide attempts. Firth's penalized likelihood approach was also used for the outcome with low event rates ([@B10]; [@B48]). Third, to estimate the mediation effects of sleep disturbance on the association between PIU and suicidal behaviors, path models utilizing the maximum likelihood (ML) approach were performed. We first ordered the variables as follows: "PIU sleep disturbance suicidal ideation/suicide attempts;" Next, we tested an alternative model with a different order of variables: "suicidal ideation/suicide attempts sleep disturbance PIU" (Figure [2](#fig2){ref-type="fig"}). Considering that the variables of IAT score and PSQI score were continuous variables and the measures of suicidal behavior were dichotomized, standardized probit coefficients, standardized total effects, and standardized indirect effects were reported, and the bias-corrected 95% confidence intervals (CIs) were estimated using 1,000 bootstrap samples. There are several commonly applied model fit indices recommended to evaluate the models: the comparative fit index (CFI \> 0.90 indicates good fit), the root mean square error of approximation (RMSEA \< 0.08 indicates acceptable fit), and the standardized root mean square residual (SRMR \< 0.08 indicates goof fit). All statistical tests were two-sided, and *p* values less than .05 were considered statistically significant.

![Hypothesized mediation effects of sleep disturbance on the association between problematic Internet use and suicidal behavior](jba-07-04-115_f002){#fig2}

Ethics {#S2d}
------

The study procedures were carried out in accordance with the Declaration of Helsinki. This study received ethical approval from the institutional review board of Sun Yat-Sen University School of Public Health. Written informed consents explaining the study purposes, processes, benefits, and risks were obtained from each participant who was at least 18 years of age. If the student was under 18 years of age, a written informed consent letter was obtained from one of the student's parents (or legal guardian).

Results {#S3}
=======

Sample characteristics {#S3a}
----------------------

The sample characteristics are shown in Table [1](#T1){ref-type="table"}. Of 20,895 eligible participants, 2,864 (13.7%) reported having suicidal ideation, and 537 (2.6%) reported having suicide attempts. The mean (*SD*) IAT scores was 35.81 (12.80). The IAT score revealed 14,423 (69.0%) students as average online users, 6,014 (28.8%) as moderately addicted to Internet use, and 458 (2.2%) as severely addicted. There were significant differences in IAT scores among the variables of sex, living arrangement, HSS, relationships with teachers, classmate relations, suicidal ideation, and suicide attempts (*p* \< .05). Moreover, significant differences emerged the three groups (average online users, moderately addicted, and severely addicted) in the distribution of sex, age, living arrangement, HSS, relationships with teachers, classmate relations, the total PSQI scores, suicidal ideation, and suicide attempts (*p* \< .05).

###### 

Sample characteristics among 20,895 adolescents

  Variable                                 Total        IAT scores \[mean (*SD*)\]  *p* value[\*](#T1-fn1){ref-type="table-fn"}    Problematic Internet use \[*n* (%)\]   *p* value[\*](#T1-fn1){ref-type="table-fn"}                 
  ----------------------------------- ---------------- ---------------------------- --------------------------------------------- -------------------------------------- --------------------------------------------- -------------- --------
  Total                                20,895 (100.0)         35.81 (12.80)                                                                   14,423 (69.0)                              6,014 (28.8)                    458 (2.2)    
  Sex                                                                                                                                                                                                                                 
   Boys                                10,615 (50.8)          36.20 (13.22)         \<.001                                                     7,153 (49.6)                              3,186 (53.0)                    276 (60.3)   \<.001
   Girls                               10,280 (49.2)          35.30 (12.29)                                                                    7,270 (50.4)                              2,828 (47.0)                    182 (39.7)   
  Age \[mean (*SD*)\]                   15.19 (1.84)                NA                                                                         15.10 (1.89)                              15.41 (1.73)                   15.10 (1.65)  \<.001
  Living arrangement                                                                                                                                                                                                                  
   Living with both parents            15,716 (75.2)          35.47 (12.57)         \<.001                                                    10,982 (76.1)                              4,424 (73.6)                    310 (67.7)   \<.001
   Living with a single parent          2,466 (11.8)          37.63 (13.63)                                                                    1,549 (10.7)                               835 (13.9)                     82 (17.9)    
   Living with others                   2,713 (13.0)          35.86 (13.07)                                                                    1,892 (13.1)                               755 (12.6)                     66 (14.4)    
  HSS                                                                                                                                                                                                                                 
   Above average                        6,023 (28.8)          34.42 (12.70)         \<.001                                                     4,421 (30.7)                              1,476 (24.5)                    126 (27.5)   \<.001
   Average                             12,054 (57.7)          36.15 (12.61)                                                                    8,196 (56.8)                              3,604 (59.9)                    254 (55.5)   
   Below average                        2,818 (13.5)          36.97 (13.45)                                                                    1,806 (12.5)                               934 (15.5)                     78 (17.0)    
  Relationship with teachers                                                                                                                                                                                                          
   Good                                13,807 (66.1)          34.36 (11.96)         \<.001                                                    10,148 (70.4)                              3,451 (57.4)                    208 (45.4)   \<.001
   Average                              6,629 (31.7)          38.26 (13.47)                                                                    4,028 (27.9)                              2,402 (39.9)                    199 (43.4)   
   Poor                                  459 (2.2)            41.92 (17.97)                                                                     247 (1.7)                                  161 (2.7)                     51 (11.1)    
  Relationship with classmates                                                                                                                                                                                                        
   Good                                17,059 (81.6)          35.06 (12.26)         \<.001                                                    12,166 (84.4)                              4,586 (76.3)                    307 (67.0)   \<.001
   Average                              3,530 (16.9)          38.53 (13.96)                                                                    2,104 (14.6)                              1,311 (21.8)                    115 (25.1)   
   Poor                                  306 (1.5)            42.81 (18.70)                                                                     153 (1.1)                                  117 (1.9)                      36 (7.9)    
  Current smoking                                                                                                                                                                                                                     
   No                                  19,862 (95.1)          35.59 (12.61)         \<.001                                                    13,835 (95.9)                              5,623 (93.5)                    404 (88.2)   \<.001
   Yes                                  1,033 (4.9)           39.88 (15.53)                                                                     588 (4.1)                                  391 (6.5)                     54 (11.8)    
  Current drinking                                                                                                                                                                                                                    
   No                                  17,613 (84.3)          35.17 (12.38)         \<.001                                                    12,497 (86.6)                              4,794 (79.7)                    322 (70.3)   \<.001
   Yes                                  3,282 (15.7)          39.21 (14.36)                                                                    1,926 (13.4)                              1,220 (20.3)                    136 (29.7)   
  Total PSQI scores \[mean (*SD*)\]     7.78 (2.25)                 NA                                                                         7.23 (2.04)                                8.89 (2.15)                   10.32 (2.70)  \<.001
  Suicidal ideation                                                                                                                                                                                                                   
   No                                  18,031 (86.3)          34.43 (11.76)         \<.001                                                    13,183 (91.4)                              4,596 (76.4)                    252 (55.0)   \<.001
   Yes                                  2,864 (13.7)          44.21 (15.46)                                                                    1,240 (8.6)                               1,418 (23.6)                    206 (45.0)   
  Suicide attempt                                                                                                                                                                                                                     
   No                                  20,358 (97.4)          35.50 (12.51)         \<.001                                                    14,206 (98.5)                              5,758 (95.7)                    394 (86.0)   \<.001
   Yes                                   537 (2.6)            45.97 (17.79)                                                                     217 (1.5)                                  256 (4.3)                     64 (14.0)    

*Note.* IAT: Internet Addiction Test; HSS: household socioeconomic status; *SD*: standard deviation; PSQI: Pittsburgh Sleep Quality Index; NA: not applicable or no data available.

*T*-tests or ANOVA tests were performed to test the differences in IAT score, and χ^2^ tests or ANOVA tests were used to compare the differences in the three groups (average online users, moderately addicted, and severely addicted).

Associations between PIU, sleep disturbance, and suicidal behavior {#S3b}
------------------------------------------------------------------

Without adjusting for other variables, *Model 1* showed that PIU, sleep disturbance, sex, age, living arrangement, HSS, relationships with teachers, classmate relations, alcohol drinking, and smoking were significantly associated with suicidal ideation and suicide attempts (*p* \< .05). *Model 3* demonstrated that after adjusting for sex, age, living arrangement, HSS, relationships with teachers, classmate relations, alcohol drinking, smoking, and sleep disturbance, PIU was associated with an increased risk of suicidal ideation \[adjusted odds ratio (AOR) = 1.04, 95% CI = 1.03--1.04\] and suicide attempts (AOR = 1.03, 95% CI = 1.02--1.04) (Table [2](#T2){ref-type="table"}).

###### 

Associations between problematic Internet use, sleep disturbance, and suicidal behavior

  Variable                                               Suicidal ideation                                       Suicide attempts                                                                                                                                                                                                                 
  ------------------------------------------------------ ------------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- -------------------------------------------------------- ------------------------------------------------------- -------------------------------------------------------
  Problematic Internet use (1-score increase)            1.05 \[1.04--1.06\][\*](#T2-fn1){ref-type="table-fn"}   1.05 \[1.05--1.06\][\*](#T2-fn1){ref-type="table-fn"}   1.04 \[1.03--1.04\][\*](#T2-fn1){ref-type="table-fn"}   1.05 \[1.04--1.05\][\*](#T2-fn1){ref-type="table-fn"}    1.04 \[1.03--1.05\][\*](#T2-fn1){ref-type="table-fn"}   1.03 \[1.02--1.04\][\*](#T2-fn1){ref-type="table-fn"}
  Sleep disturbance (1-score increase)                   1.33 \[1.31--1.35\][\*](#T2-fn1){ref-type="table-fn"}   1.33 \[1.31--1.36\][\*](#T2-fn1){ref-type="table-fn"}                                                           1.34 \[1.30--1.38\][\*](#T2-fn1){ref-type="table-fn"}    1.34 \[1.29--1.39\][\*](#T2-fn1){ref-type="table-fn"}   
  Sex (ref. = female)                                    0.61 \[0.57--0.67\][\*](#T2-fn1){ref-type="table-fn"}                                                                                                                   0.67 \[0.56--0.79\][\*](#T2-fn1){ref-type="table-fn"}                                                            
  Age (1-year increase)                                  0.95 \[0.3--0.97\][\*](#T2-fn1){ref-type="table-fn"}                                                                                                                    0.86 \[0.82--0.90\][\*](#T2-fn1){ref-type="table-fn"}                                                            
  Living arrangement (ref. = living with both parents)                                                                                                                                                                                                                                                                                            
   Living with a single parent                           1.19 \[1.06--1.33\][\*](#T2-fn1){ref-type="table-fn"}                                                                                                                   1.52 \[1.19--1.94\][\*](#T2-fn1){ref-type="table-fn"}                                                            
   Living with others                                    1.52 \[1.36--1.70\][\*](#T2-fn1){ref-type="table-fn"}                                                                                                                   1.70 \[1.36--2.13\][\*](#T2-fn1){ref-type="table-fn"}                                                            
  HSS (ref. = above average)                                                                                                                                                                                                                                                                                                                      
   Average                                               1.20 \[1.09--1.31\][\*](#T2-fn1){ref-type="table-fn"}                                                                                                                   0.99 \[0.82--1.22\]                                                                                              
   Below average                                         1.54 \[1.36--1.75\][\*](#T2-fn1){ref-type="table-fn"}                                                                                                                   1.43 \[1.09--1.85\][\*](#T2-fn1){ref-type="table-fn"}                                                            
  Relationships with teachers (ref. = good)                                                                                                                                                                                                                                                                                                       
   Average                                               1.64 \[1.51--1.78\][\*](#T2-fn1){ref-type="table-fn"}                                                                                                                   1.57 \[1.31--1.89\][\*](#T2-fn1){ref-type="table-fn"}                                                            
   Poor                                                  3.53 \[2.88--4.33\][\*](#T2-fn1){ref-type="table-fn"}                                                                                                                   5.36 \[3.87--7.43\][\*](#T2-fn1){ref-type="table-fn"}                                                            
  Classmate relations (ref. = good)                                                                                                                                                                                                                                                                                                               
   Average                                               1.76 \[1.60--1.93\][\*](#T2-fn1){ref-type="table-fn"}                                                                                                                   1.82 \[1.49--2.23\][\*](#T2-fn1){ref-type="table-fn"}                                                            
   Poor                                                  4.97 \[3.94--6.28\][\*](#T2-fn1){ref-type="table-fn"}                                                                                                                   7.14 \[5.05--10.08\][\*](#T2-fn1){ref-type="table-fn"}                                                           
  Smoking (ref. = no)                                    1.29 \[1.06--1.56\][\*](#T2-fn1){ref-type="table-fn"}                                                                                                                   1.43 \[1.03--1.98\][\*](#T2-fn1){ref-type="table-fn"}                                                            
  Alcohol drinking (ref. = no)                           1.49 \[1.34--1.65\][\*](#T2-fn1){ref-type="table-fn"}                                                                                                                   2.44 \[2.00--2.97\][\*](#T2-fn1){ref-type="table-fn"}                                                            

*Note.* Model 1: unadjusted logistic regression model. The univariable multilevel logistic regression model for suicide attempts used Firth's penalized likelihood approach for the low event rate; Model 2: the multivariable multilevel logistic regression models were adjusted for sex, age, living arrangement, HSS, relationships with teachers, classmate relations, smoking, and alcohol drinking. The multivariable multilevel logistic regression model for suicide attempts used Firth's penalized likelihood approach for the low event rate; Model 3: the multivariable multilevel logistic regression models simultaneously incorporated the control variables in Model 2 and sleep disturbance. The multivariable multilevel logistic regression model for suicide attempts used Firth's penalized likelihood approach for the low event rate; AOR: adjusted odds ratio; OR: odds ratio; CI: confidence interval.

*p* \< .05.

Path analysis showing the effects of PIU and sleep disturbance on suicidal behavior {#S3c}
-----------------------------------------------------------------------------------

As shown in Table [3](#T3){ref-type="table"}, the standardized indirect effects of PIU on suicidal ideation (standardized β estimate = 0.092, 95% CI = 0.082--0.102) and suicide attempts (standardized β estimate = 0.082, 95% CI = 0.068--0.096) through sleep disturbance were statistically significant, suggesting that sleep disturbance partially mediated the associations between PIU and suicidal ideation/suicide attempts.

###### 

Path analysis showing the effects of problematic Internet use and sleep disturbance on suicidal behavior

  Variable                                     Suicidal ideation[a](#T3-fn1){ref-type="table-fn"}   Suicide attempts[a](#T3-fn1){ref-type="table-fn"}                                 
  -------------------------------------------- ---------------------------------------------------- ---------------------------------------------------------- ---------------------- ----------------------------------------------------------
  Problematic Internet use                     Predictor                                            0.239 \[0.219--0.259\][\*](#T3-fn2){ref-type="table-fn"}   Predictor              0.158 \[0.127--0.189\][\*](#T3-fn2){ref-type="table-fn"}
  Sleep disturbance                            Mediator                                             0.228 \[0.206--0.250\][\*](#T3-fn2){ref-type="table-fn"}   Mediator               0.204 \[0.173--0.235\][\*](#T3-fn2){ref-type="table-fn"}
  Problematic Internet use→Sleep disturbance   Predictor → Mediator                                 0.404 \[0.394--0.414\][\*](#T3-fn2){ref-type="table-fn"}   Predictor → Mediator   0.404 \[0.394--0.414\][\*](#T3-fn2){ref-type="table-fn"}
  Standardized effect                                                                                                                                                                 
   Indirect                                                                                         0.092 \[0.082--0.102\][\*](#T3-fn2){ref-type="table-fn"}                          0.082 \[0.068--0.096\][\*](#T3-fn2){ref-type="table-fn"}
   Total                                                                                            0.331 \[0.313--0.349\][\*](#T3-fn2){ref-type="table-fn"}                          0.240 \[0.212--0.267\][\*](#T3-fn2){ref-type="table-fn"}

*Note.* CI: confidence interval.

The structural equation models were adjusted for sex, age, living arrangement, HSS, relationships with teachers, classmate relations, smoking, and alcohol drinking, respectively; model fit indices (suicidal ideation: CFI = 0.900, RMSEA = 0.053, 90% CI = 0.050--0.056, SRMR = 0.047; suicide attempts: CFI = 0.904, RMSEA = 0.051, 90% CI = 0.049--0.053, SRMR = 0.038).

*p*\<0.05.

Path analysis showing the effects of suicidal behavior and sleep disturbance on PIU {#S3d}
-----------------------------------------------------------------------------------

The alternative model shown in Table [4](#T4){ref-type="table"} demonstrated that the standardized indirect effects of suicidal ideation on PIU (standardized β estimate = 0.256, 95% CI = 0.244--0.268) via sleep disturbance were significant, and there were significant standardized indirect effects of suicide attempts on PIU (standardized β estimate = 0.050, 95% CI = 0.044--0.056) through sleep disturbance; these results indicated that the associations of suicidal ideation/suicide attempts with PIU were partially mediated by sleep disturbance.

###### 

Path analysis showing the effects of suicidal behavior and sleep disturbance on problematic Internet use

  Variable                               Problematic Internet use                                                                                     
  -------------------------------------- -------------------------- ---------------------------------------------------------- ---------------------- ----------------------------------------------------------
  Suicidal behavior                      Predictor                  0.170 \[0.158--0.182\][\*](#T4-fn2){ref-type="table-fn"}   Predictor              0.075 \[0.063--0.087\][\*](#T4-fn2){ref-type="table-fn"}
  Sleep disturbance                      Mediator                   0.388 \[0.376--0.400\][\*](#T4-fn2){ref-type="table-fn"}   Mediator               0.419 \[0.407--0.431\][\*](#T4-fn2){ref-type="table-fn"}
  Suicide behavior → Sleep disturbance   Predictor → Mediator       0.221 \[0.209--0.233\][\*](#T4-fn2){ref-type="table-fn"}   Predictor → Mediator   0.120 \[0.106--0.134\][\*](#T4-fn2){ref-type="table-fn"}
  Standardized effect                                                                                                                                 
   Indirect                                                         0.256 \[0.244--0.268\][\*](#T4-fn2){ref-type="table-fn"}                          0.050 \[0.044--0.056\][\*](#T4-fn2){ref-type="table-fn"}
   Total                                                            0.086 \[0.080--0.092\][\*](#T4-fn2){ref-type="table-fn"}                          0.125 \[0.111--0.139\][\*](#T4-fn2){ref-type="table-fn"}

*Note.* CI: confidence interval.

The structural equation models were adjusted for age, sex, living arrangement, HSS, relationships with teachers, classmate relations, smoking, and alcohol drinking, respectively; model fit indices (suicidal ideation: CFI = 0.904, RMSEA = 0.052, 90% CI = 0.049--0.055, SRMR = 0.045; suicide attempts: CFI = 0.851, RMSEA = 0.055, 90% CI = 0.052--0.058, SRMR = 0.042).

*p* \< .05.

Discussion {#S4}
==========

To the best of authors' knowledge, this is the first large-scale study aimed to estimate the association between PIU and sleep disturbance as well as suicidal behavior in the school-based sample of Chinese adolescents, and to estimate the mediation effects of sleep disturbance. This study found that 13.7% of students reported having suicidal ideation, and 2.6% reported having suicide attempts. This prevalence is parallel with our previous studies among Chinese adolescents ([@B16], [@B14]), and is lower than that reported in a national study in the United States showing that 15.8% seriously considered attempting suicide and 7.8% attempted suicide one or more times ([@B22]). Moreover, this study also showed that 28.8% of students were moderate Internet users and 2.2% had severe Internet addiction. This prevalence is higher than that described in our previous study conducted in 2011 ([@B47]), and is similar to a recent study showing that the overall prevalence of Internet addiction (also measured by the IAT) was 26.50% among adolescents in Guangzhou ([@B52]). These findings suggest that PIU is a growing problem among Chinese adolescents. In addition, previous studies estimated that the prevalence of PIU among adolescents ranged from 0% to 26.3% in the United States ([@B35]), the prevalence among adolescents in Europe ranged from 7.9% to 36.7% ([@B7]; [@B34]), and the prevalence ranged from 10.7% to 30% among South Korean adolescents ([@B32]; [@B41]). The differences in the reported prevalence of PIU in different countries may be related to the nature of the sample (e.g., age or sex), the sample size, or the criteria of PIU.

In line with previous studies ([@B3]; [@B16]; [@B24]), our univariable analyses first found that boys and older students were at a lower risk of suicidal ideation and suicide attempts. Adolescents who lived in single-parent family or lived with others were at an increased risk of suicidal ideation and suicide attempts, and those who reported poor relationships with teachers or classmates were also at an elevated likelihood of suicidal behavior. Current smoking, drinking, and higher PSQI scores were positively associated with suicidal ideation and suicide attempts. These results are useful to identify adolescents at high risk of suicidal behavior, and special attention should be paid to those who present with the adverse characteristics mentioned above, and the confounding effects of those variables on the associations between PIU and suicidal behavior should also be considered.

After adjusting for the significant control variables, our multivariable multilevel logistic regression models first demonstrated that the likelihood of having suicidal ideation and suicide attempts increased with the PSQI scores, suggesting that sleep disturbance was positively associated with suicidal behaviors in adolescents. One explanation for these associations may be that sleep disturbance can have negative influences on adolescents' judgment, concentration, impulse control, and mental health ([@B37]); therefore, it might promote suicidal thoughts or attempts through impulsiveness, inhibitions loss, and/or hostility. In addition, sleep disturbance is reported to be a symptom or harbinger of other psychiatric disorders, and can also be comorbid with other psychiatric disorders ([@B23]; [@B28]). It is well known that psychiatric disorder is one of the most vital risk factors with respect to suicidal behavior ([@B54]). Then, in this study, adolescents with sleep disturbance may be comorbid with other psychiatric disorders, which can increase the risk of suicidal behavior. Another explanation is that sleep disturbance and suicidal behavior may share a common neurobiological basis, and serotonin was reported to play a significant role in both the regulation of sleep and suicidal behavior ([@B26]). The final multivariable logistic regression models incorporating significant control variables and sleep disturbance found that PIU significantly increased the risk of suicidal ideation and suicide attempts among adolescents. Similarly, Fu, Chan, Wong, and Yip ([@B11]) reported a significant positive relationship between the number of symptoms of PIU and 1-year changes in scores for suicidal ideation among adolescents in Hong Kong; Park et al. ([@B40]) found that PIU was statistically associated with an increased risk of suicidal ideation in Korean adolescents; Pan and Yeh [@B39]) also reported that PIU is prospectively associated with the incidence of self-harm/suicidal behavior among adolescents in Taiwan. These results might be related to the fact that adolescents with PIU showed poorer self-control and higher levels of impulsivity than their corresponding group ([@B53]); risky decision-making (including suicidal behavior) was reported to be a vital behavioral personality of individuals with PIU ([@B43]). Moreover, adolescents with PIU may have difficulty in fulfilling their social and academic responsibilities and may face more tension in their lives. However, they usually tended to adopted avoidant and inflexible coping style (e.g., suicidal behavior) when encountering stressful life events ([@B6]). Moreover, PIU is also reported to be positively associated with different psychiatric disorders ([@B19]; [@B40]), and individuals with psychiatric disorders are among the highest risk groups for suicidal behavior ([@B54]). In addition, Internet may be a major source of readily accessible information about suicide-related information (e.g., methods or communication), and excessive Internet use may also facilitate the implementation of suicidal behavior by vulnerable adolescents ([@B2]; [@B49]).

In this study, considering the cross-sectional nature of data that makes the estimates of mediation effects may be biased when mediation occurs over time, two potential path processes were performed to test the potential mechanism of the association between PIU, sleep disturbance, and suicidal behavior. First, a novel finding of this study was that PIU directly increased the risk of suicidal behavior in adolescents, and the associations between PIU and suicidal ideation/suicide attempts were partially mediated through sleep disturbance. A plausible explanation for the mediation effects of sleep disturbance may be that PIU can disrupt adolescents' normal sleep patterns and contribute to a higher risk of sleep disturbance ([@B8]; [@B20]), and then poor sleep quality or sleep disturbance is one of the most frequent risk factors for suicidal behavior ([@B4]). Next, the findings of another path analyses models illustrated that suicidal behavior was directly associated with PIU, and sleep disturbance partially mediated the associations of suicidal ideation/suicide attempts with PIU. These results might be related to that adolescents with suicidal behavior may use Internet as a coping strategy to relieve stress, elevate mood, or alleviate unpleasant feelings. On the whole, there may be a complex transactional association between PIU, sleep disturbance, and suicidal behavior; for example, PIU can result in sleep disturbance and suicidal behavior, which in turn could worsen the situation of PIU in adolescents and vice versa. The estimates of the mediator role of sleep disturbance provide evidence for the current understanding of the mechanism of the association between PIU and suicidal behavior. Based on the findings of this study, the main recommendations are listed below: (a) schools and families should be aware of the negative effects of PIU, and special attention should be paid to the frequent Internet users; (b) family support (e.g., family communication) and school-based intervention (e.g., peer education and the curriculum about surfing the Internet healthily) are recommended to promote recovery in adolescents with sleep disturbance, PIU, or suicidal behavior; (c) effective education programs about developing healthy sleep habits and Internet use patterns are recommended to be provided to adolescents; (d) parents are recommended to limit their children's exposure to Internet at night or for a long time; (e) clinicians or related professionals who treat problematic Internet users should assess their histories of suicidal behavior or sleep quality in detail, and provide possible concomitant treatment services for PIU, sleep disturbance, and suicidal behavior; and (f) developing a national long-term surveillance system to monitor the risky health behaviors (e.g., PIU and suicidal behavior) among adolescents in China is also highly recommended.

This study has several limitations. First, due to the cross-sectional in design, no causal inference can be made regarding the observed associations. Therefore, the results should be interpreted with caution. Second, some adolescents who possessed suicidal behavior did not like to disclose such experiences for scaring social stigma; thus, the data may be subjected to potential bias. Third, the study sample only included school students and did not contain adolescents who had dropped out of school or were not present in school on the day when the survey was administered; PIU, suicidal behavior, and sleep disturbance may be more common among adolescents who were absent. Fourth, although this is a large-scale study, our sample was recruited only from China. Future studies are required to examine whether our findings can be generalized to a larger and more representative (e.g., cross-national) sample of adolescents. Fifth, the associations between PIU and suicidal behavior may be affected by other psychiatric disorders. Unfortunately, this study only considered the influence of sleep disturbance. Our future studies will take other psychiatric disorders into consideration to verify these findings. Despite these limitations, this large-scale study extends the previous evidence about the association between PIU, sleep disturbance, and suicidal behavior by estimating the mediation effects of sleep disturbance on the association between PIU and suicidal behavior among adolescents. In our future studies, we hope to address the mediation effects of sleep disturbance through a longitudinal study design.

Conclusions {#S5}
===========

This study found that 13.7% of students reported having suicidal ideation, and 2.6% reported having suicide attempts. This study found a 28.8% prevalence of moderately PIU and a 2.2% prevalence of severely PIU in general adolescents, indicating that PIU is a growing problem among Chinese adolescents. Sleep disturbance was positively associated with suicidal behavior. Students with moderately PIU and severely PIU were at a higher risk of suicidal ideation and suicide attempts than their corresponding group. Two potential path processes were performed to test the potential mechanism of the association between PIU, sleep disturbance, and suicidal behavior. The results of path models suggested that there may be a complex transactional association between PIU, sleep disturbance, and suicidal behavior; for example, PIU can result in sleep disturbance and suicidal behavior, which in turn could worsen the situation of PIU in adolescents, and vice versa. We recommend providing effective multidisciplinary health interventions to schools, families, clinicians, and students to increase their awareness of the adverse effects of PIU, sleep disturbance, and suicidal behavior, and to realize the complex transactional or concomitant association between PIU, sleep disturbance, and suicidal behavior.
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